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The processes governing the continental 
shelf break and deep ocean interactions are 
crucial to an understanding of the global 
climate system. In particular, downslope 
processes, deep ocean ventilation and 
meridional oceanic overturning circulation 
control the main exchange between 
the Southern Ocean and the Atlantic, 
Indian and Pacific Oceans. However, the 
Southern Hemisphere is often given too 
little weight in our analyses and this leads 
to an underestimation of the role of these 
processes in global climate evolution at the 
right time scale. 
iMPorTAnT PHYsiCAL ProCEssEs
The thermohaline cell (THC) of the global 
ocean is the major mechanism contributing 
to control the global radiation budget, 
leading to major climatic changes (Bigg & al., 
2003). The classical view of this circulation 
is that deep convection processes during 
winter of either polar hemisphere produce 
dense, cold, saline waters that flow towards 
the equator and slowly well up. This global 
circulation also acts as an important 
control on nutrient circulation and hence 
on biogeochemical aspects. Even if this 
general picture is still accepted, all of its 
components are undergoing significant 
change, particularly the THC engine. The 
convection arm of the THC is driven, in fact, 
by two mechanisms. One is buoyancy loss at 
the sea surface in the open ocean caused by 
cooling (Marshall and Schott, 1999; Gascard 
& al., 2002). The second mechanism acts 
through densification by salt release during 
sea ice formation or sub-ice shelf accretion, 
typically on the continental shelf. Dense 
plumes are formed and then slide down the 
continental slope. This process occurs all 
around the Antarctic coast (Orsi & al., 1999) 
and particularly in the Weddell and Ross Sea, 
to form the majority of Antarctic bottom 
water, that later spreads out into every major 
deep basin. 
During the last decade, some PNRA 
(Programma Nazionale Ricerche in 
Antartide) and USAP (United States 
Antarctic Programme) expeditions focused 
on mesoscale processes along and across 
the Ross Sea continental shelf break. The 
major efforts were to study the interactions 
between overflow process and the incoming 
Circum-polar Deep Water (CDW). However, 
the influence of the new shelf water 
production mixing across the shelf break, 
and the Antarctic Bottom Water (AABW) 
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formation, as well as its influence on the 
Antarctic Circum-polar Current (ACC) and 
the Southern Pacific arm of the global THC, 
are crucial to understanding global climate 
variability. Besides, past data analysis showed 
climatic change over several decades (Jacobs 
& Giulivi, 1998, 1999), acting on critical 
salinity values of the thermohaline structure 
of the Ross Sea that could, therefore, have 
consequences both on the AABW formation 
and on the global circulation.
Focused on temporal ranges of 101 - 102 years, 
new studies (Italian Polar DOVE Project) 
explore geochemical signals ’fixed’ in mineral 
(e.g. calcium carbonate) or proteic skeletons 
of selected organisms, mostly benthos. The 
new studies also address water masses, as 
well as the whole data set of physical and 
biological observations. The water variability 
in water masses is indeed tied to variations of 
their attributes (e.g. salinity and temperature) 
which later become geochemical signals 
that can be coded once incorporated by 
tracing organisms. Isotopic and elemental 
chemistry of carbonate, whether formed as 
the shell of an organism or through abiotic 
chemical reactions, captures a record of the 
temperature and chemistry of the fluid from 
which it was formed; as such, carbonate 
chemistry serves as an important proxy 
for deciphering the earth’s history. In near 
shore waters of the Ross Sea, one of the most 
conspicuous carbonate building organisms 
is the endemic scallop Adamussium colbecki 
(Chiantore et al., 2001). This bivalve is not 
the only useful organism to be checked as a 
proxy to evaluate oceanographic variability 
within a polar context. In fact, it is important 
to recognise other organisms equipped with 
a calcareous skeleton along the track of 
Antarctic shelf water flow. In particular, stable 
isotope profiles of shell carbonate have 
recently been applied to identify the bivalve’s 
annual growth pattern, as well as those of 
other Antarctic invertebrates (e.g. Marshall et 
al., 1996; Brey and Mackensen, 1997). Stable 
oxygen ratios (δ18O) are inversely related to 
temperature. Hence lower δ18O characterises 
shell parts deposited during spring/summer, 
whereas higher values correspond to parts 
formed during autumn/winter. 
From the oceanographic point of view, 
the Victoria Land area, near Terra Nova Bay 
(TNB) where Adamussium are present in 
large number, is characterised as a source of 
HSSW dense enough to flow northward and 
trigger downslope processes to the abyssal 
depths. Moreover, it also ventilates the Ross 
cavity, contributing to Ice Shelf Water (ISW) 
formation. These are super cold waters, 
characterised by a temperature below the 
surface freezing point, originating below the 
Ross Ice Shelf (RIS). The interaction leading 
to the melting and freezing in different areas 
produces plumes that outflow in particular 
positions along the RIS edge. This process 
can trigger important exchanges between 
the open ocean, interacting with the 
atmosphere, and the ocean cavity, which can 
have a longer memory of past conditions. 
The AABW production becomes, therefore, a 
critical factor in regulating the variability of 
a branch of the THC which regulates, and is 
also regulated, by the Earth’s climate.
At the same time, in order to understand 
the dynamic behaviour of the interactions 
between the Ross Sea and the Southern 
Ocean, a globally nested, fully implemented 
dynamic-thermodynamic sea ice model 
(Regional Ocean Modelling System, ROMS) 
was implemented to explore the effects 
that decadal climate forcing variability may 
have on the general circulation of the Ross 
Sea, downslope processes and deep ocean 
ventilation. The adopted grid consists of 
208 by 288 horizontal points (average 
horizontal resolution of 10 km) and 33 levels 
in the vertical. The area was modelled by 
means of a one-way nesting with a larger 
area model in order to receive appropriate 
boundary conditions. Preliminary results 
from a short retrospective period using 
ERA40 atmospheric forcing data have shown 
the formation of two strong tongues sinking 
from the continental shelf break off of Cape 
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Adare. Different dynamic behaviour was 
found in the correspondence of the small 
differences in water mass characteristics. 
While the saltier one, coming from Drygalsky 
Basin, was able to trigger a cascading 
a-geostrophic downslope event, falling 2 
000 meters , the eastern one, a little bit less 
salty, exhibited a geostrophic adjustment 
reaching 800 meters in depth.
THE NEED FOR THE NEXT STEP 
At present, Southern Ocean processes 
are relatively poorly observed, described, 
simulated and understood. This is due to 
technological and logistical problems, 
but also we need long time series (multi 
centennial time scales) with high resolution 
(at least seasonal). The correct time scales 
of observations and modelling are urgently 
needed for the scientific community and 
also an integrated Observing and Modelling 
System will be an essential component 
for enhancing our understanding. Such a 
modelling system should focus on multi-
decadal to centennial time scales but with a 
seasonal resolution.
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